I. INTRODUCTION
From previous studies, many researchers have investigated several numerical methods such as the finite difference, finite element, finite volume and boundary element methods to gain approximate solutions in solving any partial differential equation, which describes a certain problem in science and engineering. In addition, the discovery on the standard Arithmetic Mean (AM) method, which is also called as FullSweep Arithmetic Mean (FSAM), has been initiated by Ruggiero and Galligani [1] . In fact, this method is one of the efficient two-step iterative methods in solving any system of linear equations. To improve the standard AM method, Sulaiman et al. [2] have also initiated the Half-Sweep Arithmetic Mean (HSAM) method, which is formed by combining the standard AM method, known as the FullSweep Arithmetic Mean (FSAM) together with the HalfSweep iteration [3] . Then, further studies on the effectiveness of HSAM have been also conducted in [4] & [5] . Muthuvalu and Sulaiman [6] have also proposed HSAM method in solving linear Fredholm equations.
Due to the advantage of the HSAM method, the effectiveness of the Quarter-Sweep Arithmetic Mean (QSAM) method has also been investigated in solving mainly onedimensional steady and unsteady problems ( [7] & [8] ). The motivation of the development of this method is given by the Modified Explicit Group (MEG) ( [9] & [10] ). They pointed out that the QSAM method is superior to HSAM and FSAM methods. Actually, other two-step iterative methods such as AGE [11] , IADE [12] , RIADE [13] , HSIADE [14] and QSIADE [15] , can also be studied. In this paper, however, we examine the effectiveness of the QSAM method to solve the fourth-order parabolic partial differential equation.
To investigate the efficiency of the QSAM method, let us consider the fourth-order parabolic partial differential equation stated as
With the boundary conditions at
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In getting the formulation of the full-, half-and quartersweep finite difference approximation equations over the problem (1) , assume the solution domain (1) in Fig. 1 
II. QUARTER-SWEEP FINITE DIFFERENCE APPROXIMATION
In this section, we attempt to construct the full-, half-and quarter-sweep finite difference approximation equations over the problem (1) to be implemented by the corresponding iterative methods. For implementation of iterative processes, full-, half-and quarter-sweep iterative schemes will involve the node points of type only. As can be seen in Figs. 1b and 1c, the implementation of the half-sweep and quartersweep iterative methods just involves approximately 50% and 25% of the whole inner node points as compared to the fullsweep iterative method. Then the approximated solution at remaining node points either the half-or quarter-sweep case can be computed directly ( [3] , [9] , [10] , [16] - [18] ).
In this paper, we derive the formulation of a finite difference equation based on the implicit scheme. Therefore by using the implicit scheme, the full-, half-and quartersweep finite difference approximation equations, considered at the (j) time level can generally be shown as Again, the computational molecule for Eq. (3) is as shown in Fig. 2 . The value of p, which corresponds to 1, 2 and 4, represents the full-, half-and quarter-sweep cases, respectively. By considering Eq. (3) for entire interior node points at the (j+1) time level, a system of linear equations in matrix form can stated as
Where 
III. IMPLEMENTATION OF QUARTER-SWEEP ARITHMETIC MEAN ALGORITHM
For simplification, let Eq. (4) at any time level be rewritten as
where, In the next discussion, we construct and implement the FSAM, HSAM, and QSAM schemes in solving for problem (1) . As mentioned in previous section, all AM methods are one of two-step iterative methods. Consequently, all AM methods involve two levels of virtual time such as ( ) ( ) ( )
Where r and ( ) k U represent as an acceleration parameter and an unknown vector at the k th iteration, respectively. In practice, the determination of the optimal value of r will be carried out via implementation of several computer programs and was chosen one value of r, where its number of iterations is the smallest. Then implementation of all AM schemes in Eq. (7) may be described in Algorithm 1.
As can be seen in Algorithm 1, FSAM, HSAM, and QSAM schemes will be explicitly performed by using all equations at level (1) and level (2) alternatingly until the specified convergence test is satisfied. In this paper, the FSAM method acts as the control of comparison of numerical results. Algorithm 1. FSAM, HSAM, and QSAM schemes i) at level (1) a. For
IV. NUMERICAL EXPERIMENTS
In this section, several numerical simulations have been carried out to illustrate the effectiveness of the QSAM method using the implicit finite difference approximations equation in Eq.(4). For comparison, three parameters such as number of iterations, execution time and maximum absolute errors will be considered. The following is the fourth-order onedimensional convection-diffusion equation [11] , which is tested to examine the effectiveness of all AM methods
with the initial conditions 
The theoretical solution of the problem (8) is given by ( ) ( )
All results of numerical experiments, which were gained from implementations of the FSAM, HSAM, and QSAM methods have been summarized in Table 1 . In implementations of all numerical experiments, the convergence test considered the tolerance error 
V. CONCLUSIONS
For the problem considered, the formulation and effectiveness of the FSAM, HSAM and QSAM methods were tested for solving linear systems generated by the corresponding finite difference equations as shown in Eq. (3). Through the observation in Table 1 , it has shown in Fig. 4 Fig. 5 . In fact, the accuracy of approximate solutions for the HSAM and QSAM methods are in good agreement compared to the FSAM method. To sum up, the QSAM method is more superior in terms of number of iterations and the execution time than the FSAM or HSAM method. This is because the computational complexity of the QSAM method is less than of the FSAM or HSAM method. For our future works, this study can be extended to investigate on the use of the QSAM as a smoother for the multigrid ( [18] - [21] ). 
